Abstract Between December 1993 and 1999 we treated 34 open tibial diaphyseal fractures. Thirty patients were available for evaluation with a mean follow-up after fracture union of 40.5 (24-80) months. Patient average age was 33.1 (15-71) years. Two fractures were grade I, 16 grade II, six grade IIIA, five grade IIIB and one grade IIIC. The wound was debrided and the bone fixed with Ilizarov device. Soft-tissue healing was achieved through Z-plasty, delayed primary closure, split-thickness skin grafting, pedicle flaps and skin traction, and all fractures united with an average 5.6 (3-15.4) months. In 28 patients the results were excellent and good, in one fair and in one poor. Despite numerous complications the use of Ilizarov external fixator provides initial and definitive fracture stability. 
Introduction
We evaluated the use of Ilizarov external fixator as an initial and definitive management of bone and soft-tissue loss in open tibial diaphyseal fractures.
Patients and methods
From December 1993 to 1999 we treated 34 patients with open tibial diaphyseal fractures using Ilizarov external fixators. All patients were males except one. The mean age was 33.1 (15-71) years. According to Gustilo et al. classification [6] , the fractures were two grade I, 16 grade II, six grade IIIA, five grade IIIB and one grade IIIC. Bone loss occurred in four fractures-three grade IIIB and one grade IIIC.
Under general anaesthesia all wounds were explored, copiously irrigated and systematically debrided and left open, except grade I fractures. Antibiotic therapy started in the emergency room and was discontinued after 5-7 days, depending on fracture grade. Within 1 week skin defects were closed using Z-plasty, delayed primary closure, split-thickness skin grafting (STSG) or pedicle flaps. After 3 weeks we performed another two flaps and four skin tractions using Ilizarov device.
Ilizarov external fixator was applied simultaneously with the initial debridement stage in all patients except two (grade IIIB and grade IIIC) who continued in monolateral external fixators. After 3 weeks flaps were applied for both fractures, and the monolateral fixators were replaced by an Ilizarov apparatus. In fractures with a bone loss greater than 4 cm, we performed a corticotomy after 3 weeks. Distraction was started after 10 days at a rate of 1 mm a day. To achieve coverage in major soft-tissue defects, we applied a single soft-tissue traction device in three cases and two separate systems in one case (Fig. 1) . From the first post-operative day patients started active range-of-motion exercises under supervision of the authors and were allowed to walk with no weight bearing limitations.
ture grades I and II. In two patients (grade IIIB and grade IIIC) delayed flaps provided acceptable coverage (Table 1) . Skin traction (Fig. 2) successfully presented an adequate fasciocutaneous flap in four patients, two as a primary procedure and two for a failed STSG.
The pinning, or distraction, for bone transport following arterial repair or skin-flap procedure caused no major problems. A haematoma was noted during bone transport in one case with a delayed muscle flap and evacuated by aspiration.
Average bone loss in four patients (grade IIIB and IIIC) was 8.25 (4-15) cm. Three descending and one ascending bone transport produced an average of 6.5 (4-10) cm of regenerated bone. Mean duration of bone transport was 8.8 (8-13. 3) months, and the mean duration of Ilizarov fixation was 11.1 (7.5-15.4) months.
In the fracture grade IIIC we saw delayed ossification. We therefore had to change the rhythm of lengthening. Mean healing time was 5.6 (3-15.4) months. According to the grading system [13] , results were graded as excellent in 25, good in three, fair in one and poor in one.
Complications
In two cases we saw an angular deformity of 7°varus and 10°recurvatum, and in two cases a limb-length discrepancy of 2 and 5 cm ( Table 2 ). Knee motion was temporarily affected in six patients but permanent in two only. There were no rotational deformities or neurological complications. Deep venous thrombosis occurred in two patients and eczema was noted in three. Simple modification of the frame construct had to be done in three cases (Table 3) .
Wire-site inflammation occurred with variable conditions in all patients and responded well, usually with re-tensioning and dressing. Wire-site infections were common also and were treated with local and parental systemic antibiotics. Skin release was done in four patients. Four wires were removed without replacement and three were replaced (Table 3 ). There were no ring sequestrums or chronic infections. Except for three patients healing of all fractures was accomplished before removal of the apparatus.
304 Fig. 1 A 1 .8 mm K-wire is applied to the skin 1 cm from the edge of the tissue loss. Three K-wires are hooked to the first wire at equal distances and fastened to three screw traction devices attached to a plate. The plate is mounted to the proximal or distal ring. In this case two systems were applied independently to achieve soft-tissue cover I  2  ------2  II  -13  3  ----16  IIIA  -3  -1  -2  -6  IIIB  ----2  2  1  5  IIIC  ------1  1  Total  2  16  3  1  2  4 2 30 fixation using large pins. Ilizarov external fixator in the current method was not associated with the serious pin loosening, sepsis or non-union, and had an acceptable incidence of late angular deformity (3.8%). The presence of dynamisation and the possibility of frame modifications during treatment are other advantages. Early reports of non-reamed intramedullary nailing using Ender pins and Lottes nails showed good results when compared with external fixation. While reamed nails offer improved stability, their use carries the theo- 
Discussion
It is not possible to compare the results directly with that of rigid internal fixation with plate and screws, which is rarely used in grade III fractures [13] . In our study the union rate was better, but malunion (3.8%) and deep veinous thrombosis (6.6%) occurred. There was no deep infection or compartment syndrome. Although bone grafting was not employed, union rate and late angular deformity compared well with external retical risk of infection and non-union [1] . In closed, unstable fractures and grades I and II open fractures, the average time to union was 19 weeks, with a 7% infection rate. High infection rates in the more severe grades II and III fractures has led to the suggestion that those be treated by external fixation [4] .
Several series report the use of non-reamed interlocking tibial nails for open fractures. Some authors reported delayed unions, which have been treated aggressively to prevent the morbidity of prolonged use of crutches and non-union. Bone grafting, nail exchange, dynamisation and posterior lateral iliac crest bone grafting has been performed to avoid non-unions in the management of severe open tibial fractures [2] .
In our study there were no urgent additional operations, and union occurred on average after 18.8 weeks in 26 fractures without bone loss. There were 3.8% angular deformities but no shortening and no deep infection.
Tucker reported 100% union of 26 tibial fractures in 22 patients treated primarily with the Ilizarov external fixator [13] . The average time to union was 25.6 weeks. Results were graded as excellent in 21, good in four and fair in one. In another series [10] , 32 open tibial fractures were also treated with the Ilizarov external fixator. Healing time was 21.9 weeks in patients with a single injury and 25.7 weeks in patients with multiple traumas, which is considered similar to the results reported by Schwartsman et al [11] .
Thirumal [12] used bone transport in a compound grade IIIB fracture group with bone and soft-tissue loss. The defect was bridged and regenerate bone occurred in all cases except one. Union was achieved in all cases, although ten needed additional bone grafting. Limb-length discrepancy was corrected in all cases except three within a mean duration of treatment of 12 months.
We treated four patients with 8.25 cm average bone loss and obtained an average regenerate bone of 6.5 cm. The mean duration of bone transport was 8.8 months, and the mean duration of fixation was 11.1 months. Although in some series cases with bone loss greater than 1 cm are excluded [13] and included in others [11, 13] , our union rate with no use of bone grafting is within the same range, with an average time to union of 5.6 months.
Jupiter et al. [8] presented four complex cases of extremity reconstruction using combined free-tissue transfer and slow distraction with the Ilizarov fixator. They observed that gradual distraction of free tissue is a safe and viable procedure. In a multidisciplinary team study [5] , bone transport was performed in one patient after primary external fixation and in two after initial unreamed nailing and produced no additional problems. In a case report [9] skin expansion was performed using a mandibular reconstruction plate to cover an exposed bone. In another [3] , tibial bone loss and soft-tissue defect was treated by gradual anterior angulation, compression and then straightening.
Soft-tissue traction has proved to be very helpful in the treatment of infected atrophic non-union associated with adherent scar formation [7] . It provides a less complicated and adequate fasciocutaneous-like flap with no donor-site morbidity or microsurgical need.
In the current study Ilizarov external fixator served both as an initial and a definitive management of open tibial fractures. The treatment has the advantages of nonreamed intramedullary nailing but without serious infection and without disturbing the endosteal blood supply.
